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Factors affecting the voluntary intake of food by cows

6*. A preliminary experiment with ground, pelleted hay

By R. C. CAMPLING, M. FREERft anp C. C. BALCH
National Institute for Research in Dairying, Shinfield, Reading

(Received 28 November 1962—Revised 14 Fanuary 1963)

The time taken for particles of roughage to be reduced to a size suitable for transfer
from the reticulo-rumen to the omasum may be the major factor determining the
retention time of roughage residues in the rumen and thereby may partly regulate the
voluntary intake of roughage by the cow (Campling, Freer & Balch, 1961, 1962). The
size of particles of hay can readily be reduced by grinding. An experiment was con-
ducted, therefore, to examine the effect, on the voluntary intake of hay by cows, of
grinding and pelleting the hay, and throughout this report the term ‘ground hay’ will
be used to describe the ground, pelleted hay.

The cost of grinding and pelleting roughages is high, but there has been some
practical interest in the convenience with which the product can be handled. In
evaluating this method of preparation, the voluntary intake and utilization of the
product must be considered. Several studies have been made of the effects of grinding
roughage on the digestibility of the roughage, the time of retention of food residues in
the alimentary tract, energy metabolism and animal production (e.g. by Blaxter,
Graham & Wainman, 1956; Blaxter & Graham, 1956; Meyer, Gaskill, Stoewsand &
Weir, 1959; Rodrigue & Allen, 1960). Under certain conditions, grinding roughage
appears to exert profound effects on the utilization of diets in which it is included and
definition of the critical features in these changes will be an important stage in the
understanding of ruminant digestion.

EXPERIMENTAL

The voluntary intakes of long hay and ground hay were compared with four cows
(D, E, F and G) in a simple change-over design. Each of the two periods lasted 33 days
and included a 3-week preliminary feeding period and 10 days during which voluntary
intake, digestibility, and the retention time of stained food particles in the alimentary
tract were measured. In a further 2 days the weights of the contents of the reticulo-
rumen and the amounts of dry matter they contained were determined.

In a further two periods, comparisons were made between long hay and ground hay
with two of the cows (D and E) given equal amounts of food dry matter (8-7 Ib/day).
The digestibility of each food was measured, together with the mean time of retention
of food residues in the gut and the rate of breakdown of cotton thread in the rumen.
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Cows and housing. Four adult, non-lactating, non-pregnant cows were used; three
of the cows (E, F and G) were Shorthorns and one (D) was a Friesian. The mean live
weight of the cows during the experiment was about 1150 Ib. Each cow had a per-
manent rumen fistula. The cows were kept in standings which prevented food being
stolen by neighbours. Water and salt licks containing trace minerals were accessible at
all times.

Food. A batch of ryegrass hay was divided into two parts; one part was ground
commercially in a large hammer-mill with a screen with apertures of 0-049 in. diameter
and then pelleted with the addition of steam only (Nottingham Crop Dryers Ltd).
The chemical composition of samples of long hay and ground hay are shown in Table 1.
There were differences between the crude protein and dry-matter contents of the long
hay and ground hay; no other differences were apparent. The size of the particles was
measured by shaking for 5§ min a sample of ground hay through a series of test sieves
(British Standard Specification 410, 1943) on a mechanical sieve shaker. The size of
the apertures of each sieve and the amount of hay retained on each sieve are given in
Table 2. Each cow received daily 40 g of a proprietary mineral mixture (Churn, 105;
British Glues & Chemicals Ltd) together with a weekly supplement of a concentrate
of vitamins A and D (Drivite; Boots Pure Drug Company Ltd).

Table 1. Chemical composition of the foods

Dry Nitrogen-
matter  Organic Crude Ether Crude free
Diet (%) matter protein extract fibre extract Ash

As % of dry matter

Long hay 852 928 7-8 1’5 315 §51°9 7°2
Ground hay 91°1 92°4 6-8 1-6 306 53'4 76

Table 2. Distribution of particle size of ground hay as determined by
sieving through British Standard test sieves

Percentage of hay

Sieve mesh Aperture retained on

no. (pm) sieve
16 1003 o2

22 699 I
30 500 3
44 353 150
6o 251 230

83 178 20°1
100 152 63
120 124 72
150 104 88
Residue — 15°2

Determination of voluntary intake of hay. The daily allowance of long hay or ground
hay was offered in one meal for 5 h and the uneaten food was then removed and
weighed. The amount offered was adjusted daily so that the uneaten food was about
109, of the amount offered.

Drigestibility. 'The digestibility of the long hay and of ground hay was determined in
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the usual way with the harness and equipment described by Balch, Bartlett & Johnson
(1951).

Drigestibility in the reticulo-rumen. The extent of digestion of long hay and of ground
hay in the reticulo-rumen was estimated by the lignin-ratio technique (Balch, 1957;
Campling et al. 1961).

Rate of breakdown of cotton thread in the reticulo-rumen. The cotton-thread technique
described by Campling et al. (1961) was used to obtain an index of the rate of digestion
of cellulose in the reticulo-rumen.

Mean time of retention of undigested residues. The time of retention of food residues
in the alimentary tract was measured after giving by mouth about 49, of the daily
food intake stained with magenta and counting the number of stained particles in
subsequent samples of faeces (Balch, 1950). The mean time of retention of stained
particles in the gut was expressed in the way suggested by Castle (1956).

Amount of digesta in the reticulo-rumen. The total weight of digesta and the amount
of digesta dry matter were determined, by removing and returning the digesta through
the fistula, before and after feeding on 2 days at the end of each treatment period.

RESULTS

Voluntary intake of hay. The mean daily voluntary intake of long hay and of ground
hay by each cow is shown in Table 3. Mean values for all the cows were 20-4 1b dry
matter as long hay and 20-8 1b dry matter as ground hay. Two cows (E and G) showed
appreciable differences from the mean; cow E ate 187 Ib dry matter as long hay and
22'5 Ib dry matter when offered ground hay, whereas cow G ate 17 lb more dry
matter in the form of long hay than as ground hay.

Table 3. Mean daily voluntary intake of hay dry matter by each cow (Ib)

Diet CowD CowE CowF CowG Mean
Long hay 218 187 20'0 21°0 20°4
Ground hay 216 225 20°0 19°3 208

Digestibility. The mean values for the apparent digestibility of each food offered
ad lib. are shown in Table 4; values for individual cows have also been given because
of the variation between cows, particularly in the digestion of the crude fibre of the
ground hay. The results show that the ground hay was markedly less digested than the
long hay; the mean digestibility of the organic matter of the ground hay was only
42:9%, compared with 63:6 9, for the long hay. The difference in the digestibility of
the organic matter was due to the low digestibility of the crude fibre and nitrogen-free
extract fractions of the ground hay. In general, the crude fibre of the ground hay was
digested only half as well as that of the long hay. No significant differences were found
between the digestibilities of the crude protein and ash fractions of the long and
ground hay. Differences between the cows in the extent to which food was digested
were most marked with cows D and F. The digestibility was lowest in cow D which
digested 61-8 %, of the crude fibre of the long hay and only 26-09, of the fibre of the
ground hay. Cow F digested both foods to a greater extent than did the other cows.

17-2
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Thus it digested 683 %, of the crude fibre of the long hay and 37:4 % of the fibre of
the ground hay.

When both foods were given in restricted but equal quantities the mean digestibility
of the dry matter of the ground hay eaten by cows D and E was 46-0 9, compared with
42+8 % when they ate as much as they wished (see Table 4). The corresponding means
for long hay were 59-0 and 61-8 %, respectively. A marked depression was again found
in the digestibility of the crude fibre of the ground hay.

Digestion in the reticulo-rumen. Results obtained with the lignin-ratio technique are
given in Table 5. The organic matter, crude fibre and nitrogen-free extract of the
ground hay given ad lib. were digested in the reticulo-rumen to a much lesser extent
than with the long hay given ad %b. It was apparent that differences between cows in
the digestibility of food were due to differences in the extent of digestion in the
reticulo-rumen; in general cow D showed the lowest values and cow F the highest
values.

Table 4. Apparent digestibility (%) of long hay and ground hay by four cows
Digestibility (%)

Mean daily ‘ N
intake of food Nitrogen-
dry matter Dry Organic Crude Ether Crude free
Cow (b} matter matter protein extract fibre extract Ash
Ad lib, feeding

D 218 long hay 575 59'6 35'9 386 61-8 622 31°5
21°6 ground hay 396 396 263 54°0 260 464 400

E 187 long hay 623 640 35'1 46°4 676 656 418
22'5 ground hay 414 416 236 495 336 472 393

¥ 20'0 long hay 64-1 653 256 451 683 67-0 49°3
20-0 ground hay 473 476 405 575 374 520 441

G 210 long hay 63°5 653 260 482 669 678 417
19-3 ground hay 430 428 272 540 29°5 50°4 446

Mean  20-4 long hay 61-8 636 306 446 66:2 656 41°1
208 ground hay 42-8 429 29'4 540 316 490 420

Restricted feeding

D 87 long hay 594 623 399 433 653 634 390
8-7 ground hay 450 470 264 451 393 538 1574

E 8-7 long hay 586 613 331 29'8 65-9 633 356
8-7 ground hay 471 484 325 465 384 559 kS

Mean 8-7 long hay 59'0 61-8 365 366 656 63-4 373
87 ground hay 46-0 477 29'4 458 38-8 548 227

At the restricted level of food intake, the organic matter, crude fibre and nitrogen-
free extract of the ground hay were digested to a much lesser extent than those of the
long hay by cow D, but in cow E the digestion of only the crude fibre of the ground
hay was depressed; no significant differences were found in the digestibility of the
organic matter and nitrogen-free extract.

Rate of breakdown of cotton threads. The times taken for coils of cotton thread placed
in the rumen to lose 25 %, of their weight are given in Table 6. The mean time in cows
given long hay ad kib. was 32 h and with ground hay it was 282 h, an observation which
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confirms that of Balch & Johnson (1950). Some variation between individual cows was
found; the rate of loss was slowest in cow G given ground hay. At the restricted level
of food intake the mean time for 25 %, loss of cotton thread in cows D and E with long
hay and with ground hay was 20 h and 82 h respectively.

Table 5. Apparent digestibility (%) of long hay and ground hay
in the reticulo-rumen of four cows

Organic Crude  Nitrogen-free
Cow Diet matter fibre extract
Ad lib. feeding

D Lond hay 464 432 59°5
Ground hay 229 75 346

E Long hay 428 52-8 46°1
Ground hay 274 15°2 390

F Long hay 552 578 642
Ground hay 228 130 366

G Long hay 463 479 59-8
Ground hay 276 159 378

Mean Long hay 477 504 57°4
Ground hay 252 129 37°0

Restricted feeding

D Long hay 370 481 433
Ground hay 14'3 96 261

E Long hay 36°4 465 407
Ground hay 347 331 4177

Mean Long hay 367 473 42°0
Ground hay 245 21°4 339

Table 6. Time (k) for 25, loss of weight of cotton thread in the
ventral sac of the reticulo-rumen of four cows

Diet Cow D Cow E Cow F Cow G Mean
Ad lib. feeding
Long hay 27 26 41 33 32
Ground hay 182 230 225 490 282
Restricted feeding
Long hay 21 19 — —_— 20
Ground hay 90 75 — — 82

Mean time of retention of undigested residues. In three cows (E, F and G) there was
relatively little difference between the mean retention times of the residues from each
food given ad lib. (Table 7); however, in cow D the ground-hay residues had a
much shorter time of retention in the alimentary tract than residues from the long hay.
The initial excretion of hay particles was faster with ground than with long hay and
in two of the four cows the final excretion was distinctly more prolonged. This is illus-
trated in Fig. 1 which shows the mean cumulative excretion curves of the stained
foods. Balch (1950) reported similar changes in excretion when hay was ground.

When the daily food intake of cows D and E was restricted to 8-7 Ib dry matter the
mean retention time of long hay was greater than when this food was offered ad 4b.;

ssaud Aisssnun abprique) Aq auljuo paysiignd 6200£96 LNIE/6£01°01/B10°10p//:sd1y


https://doi.org/10.1079/BJN19630029

268 R. C. CamprrING, M. Freer anD C. C. BaLcH 1963

this was in agreement with the previously reported effects of level of intake on retention
time (Balch, 1950; Campling et al. 1961). With the restricted level of ground hay, the
mean retention time was longer than that observed with the unrestricted level in cow D,
but in cow E the retention time was 6o h, about the same as that found when ground
hay was offered ad Iib.

Table 7. Times of retention (k) of stained hay in the
alimentary tract of four cows

Diet Cow D Cow E Cow F Cow G Mean
Ad lib. feeding
Long hay 58 64 71 68 65
Ground hay 41 63 73 75 63
Restricted feeding
Long hay 73 97 — — 85
Ground hay 52 6o — — 56
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Fig. 1. Mean values for the excretion of undigested hay residues at intervals after eating

stained hay. Values are for four cows receiving diets of long hay (@—@) and ground hay
(O—0). Excretion is shown as the percentage of the total stained particles excreted.

Amount of digesta in the reticulo-rumen. Immediately before a meal there were
slightly more digesta and digesta dry matter in the reticulo-rumen of the cows when
offered long hay than when they were offered ground hay but this difference was not
consistent. Only in cow D was the difference large (Table 8). Mean values for the
amount of digesta found in the reticulo-rumen before a meal were 1937 1b (196 Ib
dry matter) with long hay and 1601 1b (18-2 Ib dry matter) with ground hay. At the
end of a meal slightly more digesta and digesta dry matter were found in the reticulo-
rumens of three cows (D, F and G) when long hay was offered than when ground hay
was given; the opposite was found for the fourth cow (E). Mean values for the amount
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of digesta and of dry matter after a meal of long hay and a meal of ground hay differed
by 24 and g 9, respectively.

'The rate of loss of digesta during a meal was 1-75 1b dry matter/h with ground hay
and only 0-84 1b dry matter/h with long hay. The mean rates of loss between meals
were much less dissimilar, 0-70 Ib dry matter/h with ground hay and 0-82 Ib dry
matter/h with long hay.

Table 8. Amount of digesta (Ib) in the reticulo~-rumen of four cows
before and after receiving hay ad lib.

Cow DD Cow E Cow F Cow G Mean
I's A A r A N s A N s g\ (_—_/%
Dry Dry Dry Dry Dry
Diet Total matter Total matter Total matter Total matter Total matter

Before feeding )
Long hay 150'2 1442 2327 2127 1857 2000 2061 2286 1937 1964
Ground hay 1056 976 1754 2066 1830 2278 1764 1996 1601 1824

After feeding
Long hay 229°0 3016 3014 3511 2620 3630 2718 3696 2660 3463
Ground hay 1624 2110 2452 3830 2127 3368 2304 3328 2149 3160

It was noticeable that the digesta found in the reticulo-rumen of cows given ground
hay were a homogeneous mass, well described by Blaxter & Graham (1956) as a thick
purée without the typical stratification into solid and liquid portions found when long
roughages are given. This difference in physical form of the digesta in the reticulo-
rumen was not associated with a large difference in the total content of water. The
mean dry-matter content of the digesta (calculated from Table 8) before feeding was
10°1 9, with long hay and 11-4 9, with ground hay; after feeding the means were 13-0
and 147 % respectively, However, at the reticulo-omasal orifice, large differences
were found between the dry-matter contents of the digesta derived from ground and
long hay; the ground-hay digesta from this region contained 11-8 9, dry matter and
long-hay digesta only 4-1 %, dry matter.

DISCUSSION

There was no difference between the mean daily voluntary intake of dry matter by
the cows in the form of long and ground hay, but in all four cows the digestibility of
ground hay was much lower than that of long hay. Several workers have observed
greater food consumption in sheep when roughages were given in a ground, pelleted
form than when given long (Meyer et al. 1959; Lloyd, Crampton, Donefer & Beacom,
1960; Van der Merwe, Ferreira, Vosloo & Labuschagne, 1962), but there are few
reports comparing ground and long hay offered ad /. as the only food to cattle. When
the hay was ground, Wallace & Hubbert (1959) found an increase of 31 9, in the intake
of food by small steers of 365 Ib live weight but observed no differences in the digesti-
bility of the dry matter between long and ground hay. Webb, Cmarik & Cate (1957)
and Beaty, McCreery & Brooks (1960) also found an increased intake of hay as a result
of grinding and pelleting but reported no digestibility coefficients. Some of the earlier
reports on the effect of grinding hay were reviewed by Balch & Campling (1962) and
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a more comprehensive review of the subject has been published recently by Minson
(1962).

The depression in digestibility of the ground hay found in this experiment agrees
with many reports of work with cattle (Balch, 1950; Rodrigue & Allen, 1960) and
sheep (Blaxter & Graham, 1956; Lloyd et al. 1960); a few reports show no significant
differences in digestibility between ground and long hay (Meyer et al. 1959; Wallace
& Hubbert, 1959). Also, Rodrigue & Allen (1960) found that the fineness of the ground
hay affected its digestibility; the finer the hay was ground the greater was the depression
in digestibility. Our results may be compared most closely with those of Rodrigue &
Allen (1g60), who in one comparison used very finely ground hay similar in size of
particles to the ground hay used by us, but unfortunately no other reports give the
distribution of size of the particles of ground hay. In general, our results agree with
those of Rodrigue & Allen except that the depression in digestibility of the dry matter
and nitrogen-free extract of the ground hay was greater than that found by those
authors. This difference may have arisen because Rodrigue & Allen gave an allowance
of concentrates in addition to roughage to their cows. As has been found by other
workers (Blaxter & Graham, 1956; Rodrigue & Allen, 1960), the depression in
digestibility caused by grinding was most marked in the crude-fibre fraction. Blaxter
& Graham suggested that a possible cause for the poor digestibility of ground hay may
be the more rapid passage of ground hay than of long hay through the reticulo-rumen.

Blaxter et al. (1956), using sheep, and Rodrigue & Allen (1960), using cattle, found
a faster rate of passage of ground-hay than of long-hay particles through the alimentary
tract. Blaxter et al. (1956) and Meyer ef al. (1959) suggested that a shorter mean time
of retention of ground hay in the gut would be partly responsible for an increased
intake of ground roughage relative to long roughage.

When ruminants have been given ground hay in place of long hay, the observed
effects on digestibility, mean retention time and voluntary intake have clearly been
variable. In the experiment reported now the ad b. intakes of long hay and of ground
hay were similar, but the mean digestibility of the dry matter of the ground hay was
19 percentage units lower than that of the long hay. Since the mean retention times of
long and ground hay in the gut were also similar, the gut must on average have contained
more dry matter with ground hay than with long hay. There was, however, no con-
sistent increase in the weight of dry matter found in the reticulo-rumen with long and
with ground hay. It follows, therefore, that with unrestricted intakes the hind gut
contained appreciably more dry matter with ground hay than with long hay. Also, it is
suspected that the mean retention time of ground hay in the reticulo-rumen was
shorter than that of long hay.

It is likely that the rate of breakdown of digesta in the reticulo-rumen was slow with
ground hay, as indicated by the slow rate of breakdown of cotton threads suspended
in the ventral sac of the rumen. The high dry-matter content of digesta in the ventral
sac of the rumen and possibly a shorter time of retention of ground hay than of long
hay in the reticulo-rumen, together with a more rapid release and absorption of the
soluble constituents of the ground hay, may have contributed to the relatively un-
favourable conditions for cellulose digestion. Also, the lower content of crude protein
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in the ground hay than in the long hay may have contributed to the lower digestibility
of the ground hay.

Although the mean retention times for stained hay in the whole gut were not
markedly altered by grinding the hay, the shapes of the excretion curves were different
with the two diets in three of the four cows. Clearly the need for rumination must
tend to delay the initial passage of all but the smallest particles of stained long hay
from the reticulo-rumen. However, individual particles from the stained meal of long
hay would have a progressively greater chance of leaving the reticulo-rumen than
particles from subsequent meals. With a diet of ground hay the individual particles of
a stained meal would be expected to have about the same chance of leaving the reticulo-
rumen as particles from previous and subsequent meals. The cumulative excretion
curve for stained ground hay given ad Ib. would therefore be expected to show a
pattern of relatively more rapid initial excretion and more prolonged subsequent
excretion than would the curve for stained long hay, given ad kb., as was observed in
these three cows (Fig. 1) and in three out of four cows studied by Balch (1950). The
experiment reported now illustrates the difficulty of deducing the amount of digesta
in a section of the gut from a study of excretion curves alone. The amount of dry
matter found in the reticulo-rumen immediately before and after eating was slightly,
but not consistently, less with ground hay than with long hay. The results for cows
E-G were in agreement with our earlier hypothesis that with one meal daily the
voluntary intake is regulated in relation to the amount of digesta in the reticulo-
rumen. With long hay, the rate of breakdown of food particles probably limited the
rate of disappearance of digesta from the reticulo-rumen, but with ground hay it is
possible that this limitation was imposed by the rate of elimination of digesta from the
hind gut.

In cows receiving ground hay ad lb., the amount of dry matter in the hind gut may
have exerted an indirect effect on the voluntary intake by limiting the rate of disap-
pearance of digesta from the reticulo-rumen. However, it could also happen, especially
in an animal behaving as cow D, that distension of the hind gut might directly regulate
the voluntary intake of ground hay.

There is no reason to suppose that under the conditions of a particular experiment
the several effects of grinding hay will always be quantitatively equal. Thus there may
well be conditions in which the species of animal, the level of feeding, the type of
roughage, the degree of grinding or the presence of other foods will cause a change in
the rate of digestion different from that caused in the rates of passage and of flow of the
ground material from the reticulo-rumen. These differences, especially in combination
with the possible effects of changes in the amount of digesta in the hind gut, could
explain why some workers have found the fall in digestibility on grinding to be asso-
ciated with a longer retention time and some with a shorter. Such differences would
also explain why grinding has sometimes been found to increase the voluntary intake
of roughages whereas in other experiments it has caused no increase.

The hypothesis put forward above could also provide an explanation for some of the
other conflicting results found in previous comparisons of ground and long hay.
When food intake is restricted, the lower amount of ‘fill” in the hind gut would not be

ssa.d Anssanun abpriquied Ag suljuo paysiignd 6200€96 LNIE/6£01°01/B10"10p//:sdny


https://doi.org/10.1079/BJN19630029

272 R. C. CampLING, M. Freer aND C. C. BALcH 1963

expected to limit flow from the reticulo-rumen, and thus the mean retention time of
ground hay would be shorter than that of long hay, as observed in this experiment.

SUMMARY

1. The effect of grinding hay on the voluntary intake of food by cows was examined
in a change-over design with four non-pregnant, non-lactating cows. The long hay and
the ground hay were prepared from similar herbage; the ground hay was offered in the
form of pellets. The distribution of the size of particles of ground hay is given.

2. The mean daily voluntary intakes of hay dry matter by the cows were similar
with long hay and ground hay, but the digestibility of the ground hay was much lower
than that of the long hay. The low digestibility of the ground hay was due to the poor
digestion of crude fibre and of nitrogen-free extract in the reticulo-rumen.

3. The rate of disappearance of cotton threads suspended in the ventral sac of the
rumen was about nine times slower with ground hay than with long hay.

4. With unrestricted intakes, the mean retention times of stained food residues were
similar with the long and the ground hay, although the initial excretion of the ground
hay was faster than that of the long hay and in three cows out of four the final excretion
was more prolonged. At the restricted level of food intake ground hay was retained in
the gut for a considerably shorter time than long hay.

5. The results are discussed in relation to the varying effects that have been
observed in experiments in which ruminants received ground roughage. It is sug-
gested that with a given diet the influence of grinding on the voluntary intake and
digestibility of the diet will depend on the extent to which both the retention time and
rate of breakdown of digesta in the gut are altered by the grinding.

We thank the British Oil and Cake Mills Ltd for financial help with the cost of
grinding the hay. One of us (M. F.) thanks the Australian Dairy Produce Board for

financial assistance.
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